We have fabricated polycrystalline Bi 2 Te 3 samples with a common c-axis orientation using the Czochralski method as described elsewhere [24] . From these, flakes were produced by mechanical cleaving, proven to be a powerful tool for the fabrication of a few quintuple layer thin Bi 2 Te 3 flakes [25] . Figure 1a shows an atomic force microscopy image of the surface of typical exfoliated Bi 2 Te 3 flakes. We have performed experiments on large flakes with atomically flat terraces, extending over several micrometers. The Bi 2 Te 3 quintuple layer step edges are clearly visible as shown in To characterize the electronic properties of our devices and to track them down to the surface states of a topological insulator we have performed magnetotransport experiments on Bi 2 Te 3 flakes in a Van der Pauw geometry in fields up to 30 T. From the low field Hall coefficient
Almost simultaneous to the theoretical prediction of 3D topological insulator states in the bismuth compounds Bi 1−x Sb x , Bi 2 Se 3 and Bi 2 Te 3 [1], angle-resolved photoelectron spectroscopy indeed revealed a linear dispersion and a helical structure of the Dirac cone at the surface of these compounds [4, 7, 8] . Soon after, the topological nature of the surface states was confirmed by transport studies such as Aharonov-Bohm oscillations in Bi 2 Se 3 nanoribbons [9] , Shubnikov-deHaas oscillations in Bi 2 Te 3 [17] [18] [19] [20] [21] , scanning tunneling spectroscopy of the square-root magnetic field dependence of the Landau level spacing [11] and interference effects resulting from impurity scattering [10] . Now the existence of the topological surface states has been established it is time to study the interaction with other materials. Efforts have been made to contact a topological insulator to a superconductor in the search for the Majorana fermion. First attempts [22, 23] We have fabricated polycrystalline Bi 2 Te 3 samples with a common c-axis orientation using the Czochralski method as described elsewhere [24] . From these, flakes were produced by mechanical cleaving, proven to be a powerful tool for the fabrication of a few quintuple layer thin Bi 2 Te 3 flakes [25] . Figure 1a shows an atomic force microscopy image of the surface of typical exfoliated Bi 2 Te 3 flakes. We have performed experiments on large flakes with atomically flat terraces, extending over several micrometers. The Bi 2 Te 3 quintuple layer step edges are clearly visible as shown in To characterize the electronic properties of our devices and to track them down to the surface states of a topological insulator we have performed magnetotransport experiments on Bi 2 Te 3 flakes in a Van der Pauw geometry in fields up to 30 T. From the low field Hall coefficient R H = 7.5×10 −8 Ωm/T and the zero-field resistivity ρ = 300 µΩcm we deduce a bulk conductivity channel with an n-type carrier concentration n = 8.3 × 10 19 cm −3 and mobility µ=250 cm 2 /Vs corresponding to an electron mean free path l e = 22 nm for a parabolic band. This low mobility would not allow the observation of quantum oscillations since the necessary condition, µB ≫ 1, is far from being fulfilled in the magnetic fields applied. As shown in Fig. 2a , we nevertheless observe clear Shubnikov-de Haas oscillations oscillations in the resistance implying another conduction channel with larger mobility. From the angle dependence of the position of the peaks we conclude that this additional channel is of two-dimensional nature.
The oscillatory contribution to the resistance of such a two-dimensional system can be written as [26] 
where, ω c is the cyclotron frequency, E F is the Fermi energy, λ = 2π implying that ϕ B = π, consistent with a half-filled zeroth Landau level that is present in a topological surface state [17] [18] [19] [20] [21] 27 ], similar to graphene [28, 29] . From the slope in Fig. 2d we infer the carrier concentration of this surface state of n = 1.2 × 10 Fig. 3b , visualizing the evolution of the Shapiro steps. In Fig. 3c we have plotted the power dependence of the thirst three steps, following the expected Bessel function dependence.
Now that we have confirmed the Josephson nature of the devices, we can discuss in which band of the Bi 2 Te 3 the proximity effect is induced. Figure 4 shows the temperature and length dependence of the critical current of the junctions. While the scaling with length can be described by diffusive as well as ballistic transport theory (see Suppl. Information for details), the temperature dependence of the junctions is clearly far from the diffusive limit and can only be fitted by the Eilenberger theory for ballistic junctions [31, 32] . The bulk mean free path, l e = 22 nm, is too small to explain the ballistic nature of the supercurrent in the junctions. However, the surface conduction band has a larger mean free path l e = 105 nm. Noting that the mean free path obtained from Shubnikov-de Haas oscillations is usually an underestimate [33] , we conclude that the ballistic Josephson supercurrent is carried by the topological surface states of Bi 2 Te 3 . As we discuss in more detail in the Suppl. Information, the small I c R n product (reduced to about 2%) follows automaticaly from the large bulk shunt. The clean limit fit with T c = 6.5 K gives a coherence length ξ =h 
Theoretical models for Josephson current
Any hybrid structure containing superconductors can be described on the basis of the Gor'kov equations [34] . In practice, these equations are typically simplified by a quasi-classical approximation, which is justified as long as the Fermi-wavelength is much smaller than other length scales in the problem. For superconductor -normal metal -superconductor (SNS) Josephson junctions
Eilenberger quasi-classical equations [35] are used when the elastic mean free path l e is larger than the length L and the coherence length ξ. The electronic transport in this clean limit is ballistic across the N layer. In the dirty limit of l e ≪ L, ξ, transport is diffusive and the Usadel equations [36] are used. When the transparency between the S and N layers is not unity, additional insulating barriers (I) are typically included.
Eilenberger theory fit
The clean limit theory on the basis of the Gor'kov equations for short SINIS junctions with arbitrary barrier transparency D [31] was generalized [32, 37] for arbitrary junction length on the basis of Eilenberger equations. The supercurrent density J is found to be [32]
where
, and
where the Matsubara frequency is given by ω n = 2πk B T (2n + 1), and Ω n = ω 2 n + ∆ 2 . ∆ is the gap in the S electrodes, χ the phase difference across the junction, while v F is the Fermi velocity of the normal metal interlayer. The integral runs over all trajectory directions and can be adjusted to actual junction geometries.
Eq. (2) was evaluated as function of junction length and fitted to the measured critical current density. Since the prefactors in Eq. (2) implicitly contain the normal state resistance, which is not known for our junctions due to the bulk shunt, we left the overall scale of J free in the fit.
Subsequently, the best fit to the data at 1.6 K was obtained for ξ =h v F 2πk B T = 75 nm. It was found numerically that the value of the barrier transparencies in the symmetric case had no influence on the fitting value for ξ.
The temperature dependence of the critical current was calculated using Eq. (2) and the obtained coherence length. The fit to the measured data is excellent, considering that only the overall scale of J was free in this case.
In fact, the overall scaling factor of the critical current in Eq. (1) can be estimated as well.
The transparency of the interfaces between the topological insulator and the superconductor are important in this respect. The high transparency of our interfaces can be determined from the I(V )
characteristic. The excess current in the I(V ) characteristic is about 67% of the critical current I c .
In the Blonder-Tinkham-Klapwijk model [40] , this gives a barrier strength of about Z = 0.6. 
Usadel theory fit
The Usadel equation [36] for the S and N layers in a diffusive SNS junction can be written as
where Φ is defined in terms of the normal Green's function G and the anomalous Green's function F by ΦG = ω n F . The normalization condition F F * + G 2 = 1 then gives
The coherence length is given by ξ = hD 2πk B T where D = v F l e /3 is the diffusion constant.
The pair potentials ∆ S,N are given by
In the dirty limit, Zaitsev's effective boundary conditions for quasi-classical Green's functions were simplified by Kupriyanov and Lukichev [39] . When Φ and G are found using these boundary conditions, finally the supercurrent density can be obtained from
where ρ N is the N layer resistivity.
For junctions with arbitrary length and arbitrary barrier transparency, no analytical expressions exist for the Green's functions. Therefore a numerical code was used to fit the data. In the effective boundary conditions [39] , two parameters play a role, γ = 
